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Introduction
Edge detection plays an important role in many fields such as image analysis, computer vision, automated driving and mechanical part recognition etc. [1] [2] Edge points are pixels at which abrupt gray-level changes occur because of changes in surface orientation, depth or physical properties of materials. The aim of edge detection is providing a meaningful description of identifying and locating sharp discontinuities in an image.
There are many edge detection operators available. Commonly used operators for edge detection are mainly [3] : Roberts edge operator, Sobel edge operator, Prewitt edge operator and Canny edge operator [4] etc. In addition, some people put forward new edge detection algorithms. Ji-Zhao Hua etc. [5] proposed a method of edge detection based on PCA. Tuba Sirin etc. [6] presents an edge detection method which is based on the use of the clustering algorithms and a gray scale edge detector. All these methods are used by a single edge detection operator which is sensitive to certain types of edges. Furthermore, it is difficult to select a suitable operator according to a specific problem.
In this paper, an integration method of edge detection operators is presented. It combines the three edge detection operators, so it is no need for operator choice and can get the best average performance. The rest of this paper is organized as in the following; commonly used edge detection operators are discussed in the next section. In section 3 a novel clustering algorithm used in the proposed method is discussed. Section 4 describes the proposed algorithm. The comparative experimental results are discussed in Section 5. Conclusions are given in the last section. 
Edge Detection Operators

Roberts edge operator
The Roberts operator performs a simple, quick to compute, 2-D spatial gradient measurement on an image. It thus highlights regions of high spatial frequency which often correspond to edges. In its most common usage, the input to the operator is a grayscale image, as is the output. Pixel values at each point in the output represent the estimated absolute magnitude of the spatial gradient of the input image at that point.
The main reason for using the Roberts operator is that it is very quick to compute. Only four input pixels need to be examined to determine the value of each output pixel, and only subtractions and additions are used in the calculation. In addition there are no parameters to set. Its main disadvantages are that since it uses such a small kernel, it is very sensitive to noise. It also produces very weak responses to genuine edges unless they are very sharp. The Sobel operator performs much better in this respect.
Sobel edge operator
The Sobel operator is a discrete differentiation operator, computing an approximation of the gradient of the image intensity function. At each point in the image, the result of the Sobel operator is either the corresponding gradient vector or the norm of this vector. The Sobel operator is based on convolving the image with a small, separable, and integer valued filter in horizontal and vertical direction and is therefore relatively inexpensive in terms of computations. On the other hand, the gradient approximation which it produces is relatively crude, in particular for high frequency variations in the image.
In simple terms, the operator calculates the gradient of the image intensity at each point, giving the direction of the largest possible increase from light to dark and the rate of change in that direction. The result therefore shows how "abruptly" or "smoothly" the image changes at that point and therefore how likely it is that that part of the image represents an edge, as well as how that edge is likely to be oriented. In practice, the magnitude (likelihood of an edge) calculation is more reliable and easier to interpret than the direction calculation.
Prewitt edge operator
Prewitt is a method of edge detection in image processing which calculates the maximum response of a set of convolution kernels to find the local edge orientation for each pixel.
The Prewitt edge detector is an appropriate way to estimate the magnitude and orientation of an edge. Although differential gradient edge detection needs a rather time-consuming calculation to estimate the orientation from the magnitudes in the x-and y-directions, the Prewitt edge detection obtains the orientation directly from the kernel with the maximum response. The set of kernels is limited to 8 possible orientations; however experience shows that most direct orientation estimates are not much more accurate.
Gradient-based algorithms such as the Prewitt filter have a major drawback of being very sensitive to noise. The size of the kernel filter and coefficients are fixed and cannot be adapted to a given image. An adaptive edge-detection algorithm is necessary to provide a robust solution that is adaptable to the varying noise levels. Gradient-based algorithms such as the Prewitt filter have a major drawback of being very sensitive to noise. The size of the kernel filter and coefficients are fixed and cannot be adapted to a given image. An adaptive edge-detection algorithm is necessary to provide a robust solution that is adaptable to the varying noise levels of these images to help distinguish valid image contents from visual artifacts introduced by noise.
Any edge detector should tackle with the tradeoff between good localization property forcing the location of the detected edges to be close as much as possible to the real edges and good noise rejection property forcing the intensity surface to be smooth. Without a priori assumption, one can not select the best tradeoff. In fact, deciding whether a pixel belongs to a contour is an ill-posed problem.
Fuzzy Fisher Criterion based algorithm
Fuzzy fisher criterion based clustering algorithm is proposed by Cao et al. [7] [8] 
and the following fuzzy between-class scatter matrix fb S :
Thus, we can derive a novel fuzzy Fisher criterion called fuzzy FLD as follows:
In terms of the fuzzy FLD as above, we will derive a novel semi-fuzzy clustering algorithm based on fuzzy Fisher criterion. 
Where
When Eq. (7) 
That is to say, if Eq. (8) holds, we take a hard partition for the pattern. From the above analysis, we can obtain a novel semi-fuzzy algorithm based on fuzzy fisher criterion (FFC).
Algorithm FFC
Step1. Set the given threshold  , initialize 
Proposed Edge Detection Operator Integration Method
A two stage edge detection operator integration method is applied on the images. Novelty in our study is the use of FFC. The stages of our algorithm as follow:
Stage 1: Gray scale edge detection (Roberts, Sobel and Prewitt) Stage 2: Clustering of the results of the edge detection operators (FFC) Firstly, a pixel point in a gray image is regarded as a data sample, and its gray values which are processed by Robert operator, Sobel operator and Prewitt operator make up of the feature vectors of this data sample. In this way a data set with three-dimensional features can be obtained. Then the FFC clustering algorithm is used for this data set, it can detect out the edge points adaptively. 
Experimental Results
Edge detection of the method mentioned above was performed on gear shaft image and wheel image for part detection. Fig.1 and Fig.5 are the original gear shaft image and wheel image. Fig.2 and Fig.6 are edge detection results of Fig.1 and Fig.5 respectively. Fig. 3 and Fig.7 are the images with Poisson noises. Fig.4 and Fig.8 are edge detection results of Fig.3 and Fig.7 respectively. As is shown in the edge detection of gear shaft image, the proposed method gets the best average performance.
But in the experiment of wheel image, whether the classical edge detection operators or the proposed method can't find the edge of the center spoke. Thus, the proposed method can improve the robustness of the edge detection, but it is based on the classical edge detection operators and it can't find the new edge which the classical edge detection operators can't find.
Conclusions
An integration method of edge detection operator is presented. Firstly, a pixel point in a gray image is regarded as a data sample, and its gray values which are processed by Robert operator, Sobel operator and Prewitt operator make up of the feature vectors of this data sample. In this way a data set with three-dimensional features can be obtained. Then fuzzy Fisher criterion based clustering algorithm is applied in this data set, it can detect out the edge points adaptively. The resulting edge images show that the performance of the proposed integration method is superior to the single edge detection operator. Semi-supervised learning [9] [10] is the current research focus. How to apply this integration method in semi-supervised pattern is worthy to be studied in the future. 
